Abstract -This is a very short description of results in a series of studies of phase position in Ising-like or in~rac~g particle lattice systems which are very convenient for computational purposes. The condition of detailed balance does not hold in general due to the presence of either conflicting kinetics or driving dissipative fields. The systems exhibit interesting behaviour that may sometimes correspond to natural situations, e.g., they model ideal steady nonequilibri~ states in complex systems.
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The function 9(X) is critical in determinin g the asymptotic steady state to which the system evolves as t-+cx, . The Metropolis choice satisfies detailed balance, i.e., d(X) = exp( -X) 4(-X) . The latter is sufficient (but not necessary) to guarantee that the canonical equilibrium state is reached asymptotically. That is, the stationary solution of the master equation is P,(s) 0~ exp [-@H,(s) ] for any function Cp(X) that satisfies detailed balance. Otherwise, the master equation may imply tendency towards a steady nonequilibrium state that may differ essentially (from a conceptual point of view, at least) from the equilibrium state. It occurs, for instance, when the stochastic process defined by L corresponds to one of the cases defined below. In fact, none of them may be described in general by a
proper Hamiltonian, in which they also differ from the ordinary, equilibrium lattice models. A configurational function is still involved in some cases, however; for simplicity, such a function is taken here equal to the NN Ising Hamiltonian, H,(s) .
Consider first the ordinary lattice gas with attractive interactions, i.e., J>O . The generator, however, is detined as L = p Lk + (1 -p) L, , where L, and LK are implemented in the computer by using probabilities $$AH,(s')/I<BT] and $[AH,(s"y)lk,T'] , respectively. Both r$ and II/ satisfy detailed balance (they may correspond to the Metropolis algorithm but this is not necessary; $J and $ may even differ from each other). The combination of $ and $ which is implied by L does not satisfy detailed balance in general, however; in addition, one has T#T' . Consequently, the lattice gas follows only for p E 1 , and p = 0 is the only case that corresponds to the ordinary magnetic Ising system, while steady nonequilibrium states occur otherwise in general. They are induced by the competition between, say reaction processes due to L, , that are activated by a thermal bath at temperature T , and dij%sion processes due to L, consisting of NN exchanges driven by a thermal bath at temperature T' . The two processes are independent in continuous time, with p the c1 priori probability of exchanges per bond and 1 -p that of reactions per site. I refer elsewhere for details of the resulting behaviour as well as for some related theory and further interesting properties of the model.1*5'7 Some main global conclusions that ensue from both exact and Monte Carlo studies are as follows.
The study of two-dimensional systems reveals that the diffusion rate is irrelevant for T' = 00
(completely random diffusion), but not the reaction rate. The exact solution for microscopically fast diffusion, i.e., within the limit p+l , indicates that a phase transition exists which is of first order when the reaction rate is implemented by the Metropolis algorithm, and of second order with classical exponents for other realizations. The limit p+l is singular, however. Monte Carlo data for p < 1 reveal that the phase transition is of first order for p > 0.83 only, i.e., a tricriticul point exists at pt 10.83 . Moreover, the critical exponents for p5pt have the equilibrium ( p = 0 ) values in agreement with renormalization group computations. On the other hand, the behaviour within the limit 308 J. MARRO p+l is mean field for T' = 00 and Metropolis (reaction) rates. Some limited data suggest that no fnstorder phase transition occurs for Glauber (reaction) rates when p < 1 , in agreement with the exact result for p+l . The system with finite T' has been studied for 4(X) =J/(X)=min(l , e-"} . Three distinct types of qualitative behaviour occur as one varies p , T and T' : (a) equilibrium-like, Onsager secondorder phase transitions (with some nonequilibrium features, however); (b) nonequilibrium first-order phase transitions whose discontinuities are very pronounced; and (c) some very weak, rare discontinuous phase transitions. As for equilibrium, the one-dimensional system with T' = 00 and ~1 has a zero-T critical point for familiar reaction rates. An exception is 1 -s,[s,-l+s,+,ltanh(J/kBT)+ s,_,s,+,tanl?(J/k,T) that induces a mean-field second-order phase transition at finite temperature. On the other hand, the Monte Carlo data for p C 1 , T' = 00 , and certain reaction rate might suggest the existence of a phase transition perhaps for p>O.5 at least; the corresponding transition temperature would increase with p .
Next, consider the ordinary magnetic Ising model. The generator is, however, a combination of two different, independent Glauber generators, L = p LG+ + (1 -p) Lc -, where the subscript refers to the sign of the exchange interaction J in the corresponding configurational function H,(s) .
Therefore, after a site x is selected at random, one attempts in this case to flip spin s, according to the following criterion: all the exchange interactions between s, and its four NN are assumed to have the value J,>O with probability p , and -J, with probability 1 -p . The energy cost of the attempted flip is computed then by using H, with J equal to the selected value. Thus, one gets either
v where the sums extend to all NN of site x. If the Metropolis algorithm is to be used, for example, the flip is performed with probability either min{ 1, exp( -pAI%,)} or min{ 1, exp(-BAH-J,)} , respectively. I refer elsewhere for the detailed description of this case.','-" Some of its main features are as follows.
The resulting system is a sort of nonequilibrium impure &rig-like model in which NN interactions J change sign randomly with time. That is, kinetics involve the simultaneous action of two independent spin-flip mechanisms, each satisfying individually detailed balance and occurring as if the exchange interaction between the involved spins has a different value. It induces fast and random, spinconfiguration-independent diffusion of microscopic disorder. This may be viewed as a first step in modelling spin glasses when magnetic ions diffuse. Under these conditions, the system is driven asymptotically towards pure ferromagnetic and antiferromagnetic steady states for p = 1 and 0 , respectively, while there will be (non-unique) steady nonequilibrium states otherwise in general. The consideration of such nonequilibrium impure model is appealing because some unusual observations in disordered materials are consistent with the existence of nonequilibrium effects, e.g., a dependence of the steady state on history has been reported. On the other hand, the model, which one may expect a priori to behave differently from the (equilibrium) quenched spin-glass model, essentially differs also Interacting particle lattice systems 309 from the annealed version of the latter which involves an unrealistic representation (e.g.) of impurity diffusion that leads to impurities that are strongly correlated, which is not observed in general.
The following picture emerges from a Monte Carlo study of square lattices for p > $5 (the system is symmetrical around p = Yz ): (a) A transition to a ferromagnetic state occurs at T,(p) for p large enough. (b) The parameter p has three main effects on the phase transition: both the degree of saturation and the transition temperature tend to decrease with p , and there is no low-T ferromagnetic state for any p 10.91 . (c) The indicated transition is qualitatively similar to the one in the pure system, i.e., to the equilibrium, Onsager one for p= 1 . In particular, it is of second order, and it seems consistent with the Onsager critical exponents. The magnetization for p=O.93 departs from the Onsager behaviour as p is decreased, however. It may indicate that critical exponents differ from the Onsager values for ~~0.93 . A finite-size study confirms the picture. There is also some evidence (whose significance needs to be evaluated) for the existence of order at low temperature between the ferromagnetic and antiferromagnetic regions. In any case, no freezing phenomena have been observed. It is remarkable as well that this system has a probabilistic cellular-automaton representation when T=O which is very convenient for numerical analysis, e.g., thermal fluctuations are absent, and finite-size effects are relatively small. It consists of the following rule to attempt the flip of spin s, :
Compute % E s, C, sY , where the sum extends to the 2d NN of site x ; the flip is performed with probability p or 1 -p according to whether cr, is negative or positive, respectively; the flip is performed anyway if Q, is zero. This criterion, which is close to the kinetic rule that characterizes the so-called majority vofe models, induces steady states exhibiting a sort of nonequilibrium percolation phenomena whose critical exponents are the ones for the ordinary Ising model.
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The situation for A, is qualitatively different. At high enough T , the particles distribute evenly between the two planes. The distribution within each plane is not completely homogeneous but some anisotropic clustering is evident (cf. the graphs (a) in Figs. 1 and 2 , for p = 0.5 and 0.2 , respectively).
The latter is related both to the anisotropy of the state and to the slow decay of spatial correlations. As T is lowered starting from a random distribution, the system exhibits phase segregation and, apparently, two kinds of phase transitions occur: First, for (say) T,*b) > T > T,'(p) , one observes that the liquid separates into two approximately equal strips, one on top of the other in a different plane (graphs (b) in the figures). For very low temperature, say T -CT,'@) , the particle-rich or liquid phase is in one plane (graphs (c)). This is qualitatively similar to the segregation that occurs in h, except for the existence of the second plane holding gas. The field induces clear anisotropies below T,'(p) . That is, the liquid configurations are strip-like oriented parallel to the field for p < *A , as for X, . Moreover, the gas seems to exhibit the sort of anisotropic clustering mentioned above for high T . As a consequence of the above effects, the relation between A and A, is not straightforward.
It seems that a main effect of the field is to modify the interface (in addition to the correlations) so that the density of the liquid which is p,(T) at equilibrium changes to p,(T) , and the density of the gas is l-p,(T) . That is. p,(T)#p,(T) which makes the liquid fraction x and, consequently, the transition temperature to differ from the ones for the equilibrium case. On the contrary, one may expect that A, and X, have the same transition temperature and, probably, the same critical behaviour. In 312 J. MARRO a sense, the relation between X, and A, may be similar to the one found before at equilibrium between X and A. l5 More specifically, one may assume that p=% (1-p,) 
and, therefore, x=2@-1 +p,)l(2p,-1) for A, . This is to be compared with x = 2(p-1 +p,)l(2p,-1) for A . One would expect accordingly that x = (p-1 +p,)l(2p, -1) for X,. This is basically confirmed by the Monte Carlo data. The difference between p,(T) and p,(T) is large for striped configurations due to the presence of the nonequilibrium interface all along the system; if no interface exists, the difference between p,(T) and p,(T) is extremely small in general; the difference between the phases that is observed then is to be associated to the different nature of correlations. The Monte Carlo study has monitored the difference of density between the planes, and between the phases, e.g., 6p(T) = pL(T)-pG(T) = 2p,(T)-1 ; they are closely related to each other (only)
under the above assumption. The data confirm that p,_+pc= 1 for any p and T , and indicate that p,(T,p)fp,(T,p) in general. That is, the nonequilibrium liquid and gas phases for p= i/4 and T<T,'(p) differ from the equilibrium ones. It is observed that Gp(T,p) ( =2~_(T,p)-l ) is discontinuous at T = T,*(p) for p < < 95 , and at T=T,'(p) for any p . The latter fact probably reflects the discontinuous behaviour of the interface, i.e., 6p(T) apparently increases when one crosses T,'(p) for any p as T is increased. It is observed also an apparent tendency of 6p(T) to decrease with decreasing p for a given T CT,'@) . These facts are confirmed by Ap(T,p) when possible. Also indicates that summation is along the horizontal, i.e., field (vertical) direction on each plane. This confirms that the phase transition at T,'(p) is discontinuous for any p , while the one at the higher temperature T,*@) is discontinuous for p < C M but the discontinuities are very small if any as one approaches p=% , and Tm*b= l/z) should correspond to a critical point for the infinite system. Finally, I mention that a specific question in nonequilibrium systems is the nature of correlations.
One might argue that correlations should perhaps not decay here as slowly as for X, given that particles can hop to other plane in A, (e.g., the structure function is easily stabilized due to this effect).
Nevertheless, a log-log plot of both Gh(r) and G,(r) produces straight lines of slope -2 (e.g.) for 2 <r and T ~2.5Tc ; this supports here the result G(x,y) = (ax*-by*)(x*+y*)-* found before for the 2d driven diffusive system. On the other hand, one may estimate the correlation length from the phenomenological fit Gh,Jr) -[1 +(r/&,)2]-1 that is confirmed by the data for large enough r . The values of &, and i, obtained in this way have critical behaviour at T,*(p=%) that may be characterized by the exponents v,, and Y" , respectively, and it seems that yh=2v, (this is based on the assumption that vhf v, , and I believe, however, that one should not rule out completely the possibility that vh-= v, if the latter are properly defined). Summing up, one may relate to each other the nonequilibrium system A, , the ordinary two-dimensional driven diffusive system h, , the ordinary lattice gas A, , and the lattice gas in two planes A,, . The nature of both short-and long-range correlations, and the existence for some values of T and p of a nonequilibrium interface whose length is proportional to one of the system linear dimensions, makes A, essentially different from its equilibrium counterpart I& (and also from X, ). There is a close relation between A, and X, ,
